Tendências em desigualdades na prevalência da dentição funcional em idosos brasileiros Tendencias en inequidades socioeconómicas, relacionadas con la prevalencia de dentición funcional, entre adultos mayores en Brasil (RII). The prevalence of functional dentition was 10. 8% (95%CI: 8.1-14.2) in 2003 and 13.6% (95%CI: 11.1-16.5) 
Introduction
Severe tooth loss affects 2% of the global population and ranks much higher among individuals over 60 years old, for whom it is the main cause of disability adjusted life-years (DALYs) 1 . This age group is at higher risk of oral diseases 2 and has a lower prevalence of functional dentition 3, 4 , defined as the presence of 20 or more teeth according to the World Health Organization (WHO) 5 . This threshold is considered the minimum number of natural teeth needed to maintain function without prosthetic appliances. Lacking functional dentition negatively impacts the quality of life 6 , reduces the ability to masticate and limits dietary choices and nutrition 7, 8 . The lack of functional dentition has been reported to be more prevalent among socioeconomically deprived groups 9, 10, 11, 12 .
Quantifying the magnitude and monitoring trends of socioeconomic inequalities over time is important to assess the impacts of health programs and interventions on social justice 13, 14 . Using complex measures is necessary because they allow standardizing the assessment of health inequalities and performing comparisons over time 14, 15 . Furthermore, complex measures of health inequalities consider information related to all socioeconomic strata, instead of relying on the distribution of either end, and are sensitive to changes in the distribution of the population across socioeconomic groups 13, 16 . Although addressing socioeconomic gradients in oral health is common, research about trends in the magnitude of these inequalities using complex measures are still scarce, especially among older individuals.
Oral health in older adults reflects the lifelong effects of dental diseases and treatments in the population and is of interest for planning appropriate interventions 5 . Specifically referring to older individuals, studies assessing complex measures of health inequalities focus on the use of dental care 17, 18, 19 , which does not fill the knowledge gap about inequalities in the distribution of oral health conditions and how much oral health policies can reduce this outcome. Therefore, the objective of this study was to evaluate trends in socioeconomic inequalities in the prevalence of functional dentition among community-dwelling older individuals in Brazil.
Methods
This study used data from the last two SBBrasil Project surveys conducted in 2003 and 2010. Both surveys were cross-sectional studies that used a probabilistic cluster sample, considered to be representative of the country in each of the age groups recommended by the WHO 20 . Study procedures and details on the sample selection were published elsewhere 21, 22 . The sample for this study included information on 5,262 individuals aged 65-74 years in 2003 and 7,421 in 2010.
Data collection was conducted in the household by specifically trained and calibrated dentists. Individuals answered to a structured questionnaire containing questions on behavior and socioeconomic conditions. The participants underwent a clinical oral health examination following the standardized methodology proposed by the WHO 20 .
Outcome
Functional dentition was defined as the presence of 20 or more natural teeth 5 as assessed during the clinical examination of dentition status.
Assessment of socioeconomic position and other covariates
Socioeconomic position was assessed considering schooling as categorized into three groups: 0-3 years of formal education (which is considered insufficient schooling in Brazil), 4-7 years (incomplete elementary education) and 8-11 years (complete elementary to complete high school); 12+ years (higher education).
Other 
Data analysis
Initial data analysis included a description of the sample and an estimation of the prevalence of functional dentition in each year. Adjusted prevalence and 95% confidence intervals (95%CI) for functional dentition according to the educational rank were also reported.
Socioeconomic inequality in functional dentition was measured using two complex measures; the slope index of inequality (SII) and the relative index of inequality (RII). These indices are regressionbased measures that consider the whole socioeconomic distribution, rather than only comparing the two most extreme groups 16 .
A ridit score is assigned to each education category based on the midpoint of the range in the cumulative distribution of the population of participants in the given category. Individuals were cumulatively ranked from 0 to 1 according to ascending socioeconomic position, "0" represented the lowest education level and "1" represented the highest. The relative educational position variable was then entered as an independent variable in the regression model. SII is the difference in the prevalence of functional dentition (absolute inequality) and RII is the prevalence rate ratio (relative inequality), between those at the top rank (highest education level) and those at rank zero (lowest education level). A SII value greater than zero and a RII value greater than one would indicate that the prevalence of functional dentition was higher among the higher socioeconomic status group.
SII and RII were estimated by employing a generalized linear model for binomial data with identity and log link functions 23 . The model was adjusted by age and gender, considering the already known relationship of these characteristics with both oral health outcomes and socioeconomic position. Differences in socioeconomic inequalities between study years were tested by including a twoway interaction term between the inequalities indexes (SII and RII) and the study year 23 . Table 1 describes the distribution of population according to relevant covariates on demographic characteristics and socioeconomic status. Most individuals in both survey years were female, had between 64-69 years and had low level of education (less than four years of schooling). The prevalence of functional dentition was 10.8% (95%CI: 8.1-14.2) in 2003 and 13.6% (95%CI: 11.1-16.5) in 2010. After the adjustment for age, gender and education ridit scores, this increase was 37%, but it was not statistically significant; i.e., the prevalence ratio was 1.37 (95%CI: 0.99-1.90). Figure 1 shows the prevalence of functional dentition for the survey years according to schooling level. The prevalence was higher among individuals with greater schooling, both in 2003 and 2010; this difference was steeper in 2010. The prevalence of functional dentition significantly increased over the educational gradient in both years ( Figure 2) . However, the overall improvement in the prevalence of functional dentition was not accompanied by a reduction of inequalities in the distribution of this outcome. Table 2 shows the SII and RII according to the survey years. Absolute and relative inequalities remained almost unaltered between the surveys. The prevalence of functional dentition was nearly 9.8 (95%CI: 2.0-17.6), greater in the top of education than in the bottom in 2003; this number increased to 15.3% (95%CI: 6.1-24.5) in 2010. In relative terms (RII), socioeconomic inequality was statistically significant in 2003 and in 2010, the prevalence of functional dentition was nearly three times higher among those at the top of the schooling gradient than among those at the bottom; i.e., the RII was 3.40 (95%CI: 1.76-6.57). There was no interaction between the study year and either index of inequality (RII or SII).
Results

Discussion
The prevalence of functional dentition among older people in Brazil ranked low, although it increased significantly from 2003 to 2010, it was not significant. This condition was unequally distributed across the socioeconomic strata, adults with less education had poorer dental status in both surveys. Although an overall improvement occurred, it was not followed by a reduction of health disparities in this outcome. Our results showed that there is significant absolute inequality in the prevalence of functional dentition among older adults, and that this absolute inequality remained almost unaltered between 2003 and 2010. Moreover, our results showed a significant relative inequality in the prevalence of functional dentition in both survey years. These findings are the most relevant results of this study and must be considered in the planning of health policies. Very few studies from the literature evaluated the relevance of inequalities in the prevalence of functional dentition using these measures 10, 11, 12 , especially among older individuals 24 . Comparisons between these results and the existing literature are difficult because the magnitude of the inequalities depends on the prevalence of the outcome 25 and how socioeconomic status was assessed 26 . This study used schooling as the socioeconomic position measure, but each measure captures different dimensions and mechanisms, which impact health outcomes 27 . Income is not a simple variable to be assessed. Actual income may not represent the lifelong socioeconomic accumulation among older individuals and in many cases, they are very similar due to retirement 28 . Moreover, schooling is closer to dental status than income, as tooth loss among this age group occurred at younger ages. Education may influence health due to its impact in improving health-related knowledge during adult life, allowing better employment opportunities which allows higher income levels and better living conditions throughout adult life 29 .
The results described here are consistent with other studies 10, 12, 24 that reported the presence of inequalities in the prevalence of functional dentition for other populations. Although Brazilian older individuals have suffered severe tooth lost at earlier ages, consecutive tooth loss is influenced by the progressive impact of dental caries risk and poor access to dental care during the life course 30 . Inequalities in these conditions are well documented in Brazil 31, 32 .
This study concluded that the difference in the prevalence of functional dentition across the educational strata remained practically unchanged from 2003 to 2010; concurrently with a significant increase in relative inequality. A different result was reported in Norway, a previous study observed an increase in the absolute difference of the same outcome across income strata, with the relative inequality remaining constant over the period 24 . Celeste et al. 33 suggested that different time trends in the magnitude of inequalities at the population level may reflect the stage epidemiological transition of oral health and the access to dental care in these countries.
We hypothesize that the persisting absolute inequality and increasing relative inequality observed in Brazil may be explained by the long time required for improvements in tooth maintenance to reach this age group. Given that tooth loss is irreversible, older cohorts may have not benefitted yet from recent changes in behavior, access to dental care, as well as oral health policies and plans 13 . Considering the cohort effect, a reduction in edentulism among older adults in Brazil is expected for 2050 34 .
In Brazil, public water fluoridation and universal access to dental care were largely implemented after the 1980s as a strategy to reduce the prevalence of dental caries, causing positive effects in reducing socioeconomic inequalities in the access to dental care 35 . However, given our results, these policies may have impacted younger age groups the most and had few repercussions to the older population. Despite the increase in access to public dental care services (free-of-charge) in Brazil, the pro-rich orientation of dental visits continues to affect the Brazilian population 32 , which reinforces the need to direct more public health services and resources to prevent tooth loss in adults and older adults of poorer socioeconomic status, since the prevalence of functional dentition is lower in this group.
The persistence of socioeconomic inequalities related to functional dentition can also be detrimental in the future, because the younger age groups are retaining their teeth longer 34 , and dental extractions are mainly affecting the deprived individuals 11 . The increase in health inequalities that occurs concurrently with improvements in health care may be explained by the "inverse equity hypothesis" 36 . According to it, public health interventions and programs initially reach individuals in higher socioeconomic groups and the reduction of health inequalities is observed in a later stage, when poorer groups gain greater access to the interventions. From 2003 to 2010, among the adult population (34-44 years old), an absolute reduction related to income was observed for the lack of functional dentition, whereas relative inequalities increased 11 .
This was the first study to evaluate time trends in the magnitude of inequalities in functional dentition among older individuals in Brazil, a middle-income country with one of the largest older adult population worldwide. These results are important because, for this age group, oral health is influenced by several factors during the whole life course. The use of data gathered by the two most recent Brazilian oral health surveys is an important strength of this study, because these surveys used internationally standardized protocols to perform the clinical examinations. The use of complex measures of inequalities is also a strength of the study. The main study limitation is the relatively large time span since the data gathering. However, these are the most recent national oral health surveys and the only available information with a nationally representative sample including clinical examinations. A new nationwide oral health survey is planned to be performed in 2020, which will allow the trends reported here to be confronted with subsequent information.
In summary, the results reported here suggest that socioeconomic inequalities in the prevalence of functional dentition among older adults persisted significantly and even increased relatively in Brazil. These results must guide the planning of health policies because changes in this outcome are difficult to obtain and depend on behavioral changes and access to dental care in the long term.
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